This study detected and compared the levels of IFN-γ, TNF-α, TGF-β and nitric oxide (NO) in amniotic fluid (AF) and serum of pregnancies with acute toxoplasmosis, Southern Brazil. It also was compared the levels of the same mediators in the serum of pregnancies in acute and chronic toxoplasmosis with non-infected. Serological investigation, anti-T gondii IgM and IgG, of the 67 pregnancies was determined by Elisa MEIA. Forty two were uninfected, eight in chronic phase and 17 in acute phase. Among the acute phase, seven agreed to amniocentesis. The cytokines, in serum and in AF, were assessed by sandwich ELISA, and NO was estimated from the nitrite measurement with Griess reagent. The IFN-γ and TGF-β levels in the AF and blood were similar, while TNF-α levels was lower in the AF. On the other hand, NO was higher in the AF. Chronically infected pregnant women have showed lower levels of INF-γ than those in acute and uninfected pregnancies. The serological levels of TNF-α were lower in pregnancies with toxoplasmosis, when compared with non-infected. TGF-β levels were higher in pregnancies in acute phase when compared with uninfected or chronically infected. NO in the serum of the infected had lower levels than those non-infected. In summary, higher concentrations of NO and lower levels of TNF-α were observed in the AF than in the serum of acute pregnancies, while TGF-β e INF-γ levels were similar in both biological material. In the serum of infected pregnancies was observed decrease in inflammatory mediators and increase of TGF-β.
Introduction
Transplacental vertical transmission due to the passage of Toxoplasma gondii tachyzoites in pregnant women with acute infection [1, 2] can affect the foetus and cause subclinical lesions or clinical forms, such as chorioretinitis [3] , central nervous system lesions [4] and intrauterine death. The outcome of transmission during pregnancy is influenced by many factors, such as gestational age at the time of infection, maternal immune status, maternal parasitaemia, chemotherapic treatment, virulence and the T. gondii genotype and size of inoculum [5, 6] .
In Brazil, the circulating genotypes usually range from moderate to high virulence [7, 8] and the incidence of congenital cases is between 0.3 and 5.0 per 1000 live births [9, 10] .
The greater severity of ocular toxoplasmosis in South America, including more frequent and more severe outcomes of chorioretinitis, is https://doi.org/10.1016/j.cyto.2018.02.023 Received 18 October 2017; Received in revised form 20 February 2018; Accepted 21 February 2018 attributed to the genetic diversity of T. gondii [3, 11] , including unique polymorphisms that cannot be grouped with any of the 12 haplogroups described [12, 13] . Although toxoplasmosis is usually asymptomatic in immunocompetent individuals, in Brazil, postnatal infections are responsible for cases of retinal lesions, which may occur early, months or even years after the infection [3, 11] .
In the acute phases of toxoplasmosis, the tachyzoites can adhere to the host cell membrane through rhoptries, micronemes and dense granules, thus reaching the interior of the cell in order to multiply rapidly [14] . In this process, the parasite undergoes multiple changes, producing certain proteins which trigger the inflammatory response in the host [15] . Macrophages are recruited to the site of infection, and the production of certain cytokines cooperates in the cellular immune response [16] , such as the proinflammatory cytokines interferon-gamma (IFN-γ), interleukin (IL)-6, IL-17 and tumour necrosis factor α (TNF-α) [17, 18] . Since T. gondii is an intracellular parasite, IFN-γ and TNF-α are considered mediators of resistance against it [19] . High levels of these cytokines stimulate the Th1 cellular response, which activates macrophages, promotes the production of microbicidal molecules such as nitric oxide, and contributes to the elimination and inhibition of tachyzoite replication [19, 20] . On the other hand, TGF-β has the function of regulating the immune response by stimulating regulatory T cells. These cells cause a decrease in inflammation; however, depending on the circumstances, they may increase host susceptibility to the parasite [20] . With the development of the immune response, one way for the evasion of the parasite is converting from tachyzoites into bradyzoites [21, 22] .
Considering that there are no published studies in the southern region of Brazil regarding cytokine measurement in pregnant women infected with T. gondii, the aim of this study was to verify the profile of IFN-γ, TNF-α, TGF-β and nitric oxide in the amniotic fluid and serum of pregnant women with toxoplasmosis.
Material and methods

Ethical aspects and samples
The study was conducted between January and December 2015, with pregnant women who attended the High-Risk Pregnancy Outpatient Clinic of the University Regional Hospital at the Universidade Estadual de Maringá (HRUM/UEM) or in public health services of the 15th Regional Health Department in Paraná, Southern Brazil. The study protocol received approval from the Ethics Committee Involving Human Beings (COPEP) of the Centro Universitário Ingá (UNINGÁ), under registration No. 301,312.
Serum samples from 67 pregnant women were analysed using enzyme-linked immunosorbent assay (ELISA MEIA -Abbot Diagnostics AxSYM®) in order to determine the levels of anti-T. gondii IgM and IgG antibodies in blood collected before any treatment was administered. Seventeen pregnant women were diagnosed in the acute phase (positive for anti-T. gondii IgM and IgG, with low avidity of IgG). Seven of them agreed to undergo amniocentesis, in which 10 mL of amniotic fluid (AF) were collected during ultrasonography [23] . The amniotic fluid was collected during the second trimester of gestation, after confirming the diagnosis of acute toxoplasmosis. Eight pregnant women were diagnosed in the chronic phase (positive for anti-T. gondii IgM and IgG, with high avidity of IgG). Forty-two pregnant women did not have the infection (negative anti-T. gondii IgM and IgG). All participants were in the second trimester of pregnancy.
The inclusion criterion was pregnant women in the second trimester gestational period, and the exclusion criterion was the presence of other infectious or chronic diseases.
Measurement of cytokines and nitric oxide
The levels of cytokines IFN-γ, TNF-α and TGF-β were determined in serum and amniotic fluid, using the ELISA kit (Human/Mouse ELISA Ready-Set Go, Bioscience, USA), following the manufacturer's recommendations. The detection sensitivities of the kit were as follows: IFN-γ: 4 pg/mL, TNF-α: 4 pg/mL and TGF-β: 60 pg/mL.
Nitric oxide determination was estimated from nitrite measurement in the patients' serum or amniotic fluid by using Griess reagent [24] .
Statistical analysis
Comparison of the results for cytokines and nitric oxide in the amniotic fluid and serum of the pregnant women were expressed as arithmetic means and standard deviation using GraphPad software (Graph-Pad Software Inc., USA, 5.00) with a significance level of 5%. Normally distributed data were evaluated using the Student's t-test, and non-parametric data were analysed using the Mann-Whitney U test. All data were verified by the Grubbs test (GraphPad Quickcalcs) for identification and elimination of outliers (p < 0.05).
Results
When the levels of the cytokine IFN-γ were compared between amniotic fluid and peripheral blood of pregnant women in the acute phase, there was no difference (p > 0.05) (Fig. 1A) . There was also no difference in in the levels of the cytokine TGF-β in the same compartments (p > 0.05) (Fig. 1C) . TNF-α, in other hand, was present at lower levels in the amniotic fluid (p < 0.01) (Fig. 1B) .
Chronically infected pregnant women showed lower levels of INF-γ in the serum than those observed in both those in the acute phase of toxoplasmosis and uninfected pregnant women (p < 0.05) (Fig. 2A) .
The levels of TNF-α in peripheral blood were less elevated in pregnant women with acute (p < 0.05) or chronic (p < 0.05) toxoplasmosis, when compared with those who were not infected with T. gondii (Fig. 2B) . The levels of TGF-β were higher in pregnant women in the acute phase of toxoplasmosis when compared with uninfected pregnant women (p < 0.01) or chronically infected pregnant women (p < 0.01). Pregnant women in the chronic phase presented similar levels of this cytokine to uninfected pregnant women (p > 0.05) (Fig. 2C) .
Regarding nitric oxide, in pregnant women in the acute phase of toxoplasmosis, higher levels were observed in the amniotic fluid (p < 0.01) (Fig. 1D) , than in peripheral blood. The NO levels in the peripheral blood of pregnant women in the acute or chronic phase of toxoplasmosis were decreased in relation to non-infected pregnant women with T. gondii (p < 0.05) (Fig. 2D) .
Pregnant women with acute toxoplasmosis received the triple therapy regimen sulfadiazine, pyrimethamine and folinic acid, and none of the new-borns had congenital infection. The children were monitored for 12 months and had negative IgM serology. Anti-T. gondii IgG immunoglobulin decreased throughout the evaluations performed each trimester. The computed tomography of each child's skull was within the normal range.
Discussion
This study detected and compared the levels of IFN-γ, TNF-α, TGF-β and nitric oxide in amniotic fluid and serum of pregnant women with acute toxoplasmosis in southern Brazil. To the best of our knowledge, this is the first study in South America to comparatively evaluate the profile of inflammatory (IFN-γ, TNF-α) and anti-inflammatory (TGF-β) cytokines and nitric oxide in the amniotic fluid and blood of pregnant women with toxoplasmosis. We also compared the levels of the same mediators in the serum of pregnant women in the acute and chronic phases of toxoplasmosis, as well as in those non-infected with T. gondii.
Among the seven pregnant women with acute toxoplasmosis who agreed to perform amniocentesis, it was observed that the biomarkers in the amniotic fluid were at levels similar to or lower than those in the A.A. Marchioro et al. Cytokine 106 (2018) [35] [36] [37] [38] [39] blood, except for nitric oxide. However, in cases of congenital infection, such as Zika virus, some proinflammatory biomarkers are elevated [25] . Our findings could be explained by the non-occurrence of vertical transmission observed in the new-borns. However, the small number of pregnant women who agreed to collection of this biological material makes it difficult to interpret the results. Regarding the biomarkers in the serum of pregnant women in the acute and chronic phases of toxoplasmosis, the levels of IFN-γ were not different between pregnant women in the acute phase and those who were not infected; however, in chronic toxoplasmosis they were lower when compared with the control. As in the present study, Pernas et al. found no difference in the levels of this cytokine in the serum of pregnant women in the acute phase living in Colombia, compared with non-infected pregnant women but observed lower levels of IFN-ɣ in pregnant women in the acute phase of toxoplasmosis residing in the United States [26] . Regarding TNF-α, we observed lower levels in both groups of infected pregnant women, contrary to the findings of Pernas et al., who did not find differences in the levels of this cytokine in infected pregnant women when compared with controls, and this difference in the immune response could be attributed in part to the different genotypes of the parasite. It should be noted that this protozoan has a predominance of type II genotype expression in Europe and North America, while atypical strains are the most common in South America [11] . It is important to consider that, in the present study, pregnant women were in the second trimester of gestation, and unchanged or less elevated IFN-γ levels contribute to the maintenance of pregnancy by deviation from the Th1 to the Th2 response [27] . The balance between IFN-γ and TNF-α is important for triggering effector functions against T. gondii during all the stages of infection [28, 29] . However, the Th1 immune response, which produces IFN-γ, TNF-α and other cytokines, which are able to activate macrophages [30] , is important for controlling the replication of tachyzoites during the acute and chronic phases of infection [21, 22] . On the other hand, decreased levels of IFN-γ in pregnant women with high avidity contribute to the latency of chronic T. gondii infection in the brain, decreased parasite load and also the possibility of reacutization in the chronic phase of this infection [31] . It was observed that TGF-β levels were increased in pregnant women with acute T. gondii infection when compared with those of uninfected pregnant women. It should be remembered that this cytokine regulates the immune response by stimulating regulatory T cells in order to reduce inflammation [22] . On the other hand, TGF-β induces of immune responses by development of Th17 lymphocytes and mucosal immunity; however, the relationship between TGF-β and immune responses against T. gondii are not fully understood [32] . In general terms, a decrease in inflammatory mediators and an increase in TGF-β in the serum of infected pregnant women were observed in this study. The absence of congenital transmission may indicate that although TGF-β acts as an immunoregulatory cytokine, its role in mucosal immunity and induction of Th17 may be important, especially in these cases.
During pregnancy, there are hormonal and immunological alterations, which can further modify the immune response in infectious processes. Therefore, it is important to carry out further studies in order to better understand the profile of cytokines in pregnant women infected with T. gondii in South America, especially during the acute phase of infection.
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